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3 APAiKEH H OCTb TEJIbMHHTAMH, 
HHTEHCHBHOCTb METABOJIH3MA H yCTOHHHBOCTb K XOJIO^Y 
y KPACHOH IIOJIEBKH H3 IIPHPO^HOH IIOnyJDmHH 

© E. A. Hobhkob, A. B. KpHBonajiOB, M. II. Moiukhh 

OueHKa ypOBHH CTanaapTHoro h MaKCHMajibHoro 3HepreTHnecKoro o6MeHa, a TaKxe 
cnoco6HOCTM k nojmepxaHHio TeMnepaTypHoro roMeocraaa b ycjiOBMHX ocTporo oxjiaxcjie- 
hhh y KpacHOM nojieBKM (Clethrionomys rutilus) H3 npupoaHou nonyjinuMM noKa3ajia, hto 
oco6m, 3apaxceHHbie HeMaTO£OH Heligmosomum mixtum , He3aBHCHM0 ot HHTeHCHBHOCTH 
HHBa3MM, MMejiH 6ojiee bmcokhm ypOBeHb o6MeHa npu xojio^obom 3Kcno3MUMH. )Khbot- 
Hbie, 3apaxceHHbie uecToaoii Arostrilepis horrida , HanpoTHB, MMejiH MeHbiuyio BejiHHHHy 
MaKCHMajibHoro o6MeHa, neM He3apaxeHHbie. Y oco6eu, 3apaxceHHbix A. horrida , BejiHHHHa 
MaKCHMajibHoro o6MeHa OTpuiiaTejibHO KoppejiupoBajia c MHTeHCMBHOCTbio MHBa3MM. >Kh- 
BOTHbie, 3apaxceHHbie A. horrida , MMejiH MeHbiuyio TenjionpoBO^HOCTb, neM 3apaxceHHbie 
H. mixtum. Pa3HOHanpaBJieHHbie 3(Jx})eKTbi rejibMHHT030B pa3JiHHHOH araojiorHH noMMMO 
cneuH(J)HKH naToreHHoro aeiiCTBHH napa3HTOB MoryT 6biTb cBH3aHbi hchx cyMMapHOH 
6uoMaccoH, KOTopau y A. horrida MOxceT aocraraTb 5 % ot Maccbi Tejia xo3HMHa, a H. mix¬ 
tum He npeBbimaeT 0.2 %. 


npezurraBjiueTCfl oneBHjiHbiM, hto Hcnojib30BaHHe rejibMHHTaMH pecypcoB 
xo3HHHa jiojdkho CKa3biBaTbcu Ha ypoBHe o6MeHHbix npoueccoB nocjiejiHero. 
OaHaKO HCCJie/iOBaHHH no npuMOM oueHKe HHTeHCHBHOCTH OHepreTHHecKoro 
MeTa6ojiH3Ma npn rejibMHHT03ax oneHb Majio. noaaBjiuiomee 6ojibuiHHCTBO hc- 
cjieaoBaHHM, nocBumeHHbix naioreHe3y rejibMHHT03Hbix HHBa3HH, BbinojmeHO 
Ha CejIbCK0X03HMCTBeHHbIX HJIH JiaOopaTOpHbIX XHBOTHblX. fljIH eCTeCTBCHHblX 
rocTajibHO-napa3HTapHbix chctcm Bonpoc o HeraTHBHOM bjihhhhh rejibMHHTOB 
Ha 3Heproo6MeH xo3HHHa ocTaeTcn OTKpbiTbiM (Meagher, 1998). 

HeMHoroHHCJieHHbie pa6o™ no H3yHeHHK) MeTa6ojiHHecKnx ocJxjjeKTOB rejib- 
MHHT03HbIX HHBa3HH aaiOT npOTHBOpeHHBbie pe3yjIbTaTbI. TaK, BejiHHHHa OCHOB- 

hoto o6MeHa npn 3apa>KeHHH rejibMHHTaMH MOxeT yBejiHHHBaTbcn (Lemly, Esch, 
1984; Booth et ah, 1993), yMeHbmaTbcu (Hayworth et al., 1987; Kilgore et ah, 
1988; Connors, Nickol, 1991) h ocTaBaTbcu HeH3MeHHOH (Schall et ah, 1982; 
Meagher, O’Connor, 2001). 

KoHKypeHUHH MQwjiy napa3HTaMH h xo3ueBaMH 3a pecypcbi opraHH3Ma He- 
H36exHO aojDKHa oSocTpuTbcn npn bo3jichctbhh HeOjiaronpHHTHbix (JiaKTopoB 
BHeuiHen cpeabi, TpeOyiomnx ot opraHH3Ma aonojiHHTejibHbix 3Hepro3aTpaT. fle- 
(J)huht OHeprnn ycyryOjiueT TeneHHe rejibMHHT030B (Koski et al., 1999; Koski, 
Scott, 2001). TaK, CHHxeHHe ypoBHH CTaHaapTHoro o6MeHa y ckbopuob, hh(J)h- 
UHpOBaHHbix aKaHTOue(})ajiaMH (Connors, Nichol, 1991) 6biJio 6ojiee BbipaxeH- 
HblM Ha (})OHe XOJIOaOBOH 3KCn03HUHH. Hapa3HTapHbie HHBa3HH B CBOK) OHepeab 
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MoryT yMeHbiuaTb pe3epBHbie bo3moxhocth opraHH3Ma, ocjiadjnra ero peaK- 
UHK) Ha CTpeccHpyiomHe BHeuiHecpe^OBbie B03#eHCTBH5i (Meagher, O’Connor, 
2001). TponHnecKHe pbi6bi Cyprinodon variegates , HH(f)HUHpoBaHHbie TpeMaTO^a- 
mh, ObiCTpee, neM 3#opoBbie Tepnjrn cnocodHOCTb k rniaBamno b xojiojihoh bojxq 
(Colemann, 1993). CHHxeHne 3HMHen BbDKHBaeMOCTH onncaHO jxim pbi6-coji- 
HenHHKOB, 3apaxceHHbix MeTanepKapnHMH TpeMaTO# (Lemly, Esch, 1984), jiona- 
TOHornx xca6, 3apaxeHHbix MOHoreHe^MH (Tocque, 1993), h ojieHbHx xomhhkob 
Peromiscus maniculatus , 3apaxceHHbix kokuh^hhmh (Fuller, Blaustein, 1996). B to 
xce BpeMH 3apaxeHHe jiadopaTopHbix Mbimen HeMaTO^OH Heligmosomoides poligy- 
rus He bjih5uio Ha 3(f)(f)eKTHBHOCTb hx xojiojioboh aKKjiHMauHH (Kristian, Ham¬ 
mond, 2000). Xomhhkh P. maniculatus , 3apaxceHHbie HeMaTO^OH Capillaria he- 
patica , He OTjiHHajmcb ot KOHTpojibHbix no npo^ojixHTejibHOCTH njiaBaHHH c 
npHKpenjieHHbiM rpy30M (Meager, 1998). OTpunaTejibHoe bjihahhc HHBa3HH Ha 
ypoBeHb MaKCHMajibHoro o6MeHa HaSjno^ajm TOJibKO y xomhhkob m3 nonyjm- 
Uhh, He HMeBineH paHee KOHTaKTOB c jiaHHbiM napa3HTOM. B nonyjnmHJix, me 
C. hepatica HBjineTCH ecTecTBeHHbiM napa3HTOM, Taicoro bjihhhhh He odHapyxce- 
ho (Meagher, O’Connor, 2001). 

Ochobhhm MeTO^HHecKHM no^xo^OM b HCCjie^OBaHHHx rejibMHHT03Hbix na- 
ToreHe30B 5iBjraeTC5i HCKyccTBeHHoe 3apaxceHne xchbothmx rejibMHHTaMH (rjiaB- 
hhm o6pa30M HeMaTO^aMH) b jiaSopaTopHbix ycjioBHnx. Tlpu 3tom, KaK npa- 
bhjio, Hcnojib3yK)TC5i ^03bi b HecKOjibKO coTeH rejibMHHTOB Ha oco6b (Meag¬ 
her, 1998; Koski et al., 1999; Kristian, Hammond, 2000; Meagher, O’Connor, 
2001), 3HanHTejibHO npeBbimaiontHe ypoBeHb ecTecTBeHHOH HHBa3HpOBaHHOC- 
th. Bcjie^cTBMe 3Toro KOJiHnecTBeHHbiH acneKT (3aBHCHMOCTb HadjnoflaeMbix 
3(J)(J)eKTOB OT HHTeHCHBHOCTH HHBa3HH) npH aHajIH3e MaTepMajia HTHOpMpyeTCH. 
OrpaHHHeHHbiH Ha6op bhjjob rejibMHHTOB, ^ocTynHbix jxjih JiadopaTopHoro 3apa- 
xceHHH, onpe^ejineT nojiHoe OTcyTCTBHe cpaBHHTejibHbix padoT. B to xce BpeMH 
He nozyie>KMT comhchhio, hto rejibMHHTbi pa3jiHHHon tokcohomhucckoh npn- 
HajiJiexcHocTH (HeMaTO^bi, uecTO^bi) h c pa3JiHHHOH jiOKajm3aitHeH (TKaHeBbie, 
KHmenHbie) MoryT OKa3biBaTb pa3JiHHHoe bjihahhc Ha MeTa6ojiH3M xo3HHHa. no- 
3TOMy npe^CTaBjiHeT OojibiiioH HHTepec H3yneHHe conpjDKeHHOH H3MeHHHBOCTH 
6H03HepreTHuecKHx xapaKTepucTHK h 3apaxceHHOCTH pa3JiHHHbiMH BHjiaMH na- 
pa3HTOB b npnpo^Hbix nonyjmuHflx xcHBOTHbix. 

B HacTOHineH paSoTe paccMaTpHBaiOTCH noKa3aTejm CTaHaapraoro h craMy- 
jmpoBaHHoro xojio^om 3Heproo6MeHa y nojiOB03pejibix caMuoB KpacHOH nojieB- 
kh ( Clethrionomus rutilus Pall. 1779) H3 npnpoaHOH nonyjunjHH b 3aBHCHMOCTH 
OT HX eCTeCTBeHHOH 3apa^KeHHOCTH rejibMHHTaMH. 


MATEPHAJI H METO^HKA 
Otjiob h coaepxcaHne )khbothmx 

PadoTa npoBO^Hjiacb b HiOHe 2002 h 2003 rr. Ha TejieuKOH onopHOH 6a3e 
(TOB) HHCTHTyTa cncTeMaTHKH h 3KOjiorHH xcHBOTHbix CO PAH (c. Ap™6am, 
TyponaKCKoro p-Ha PecnydjiHKH AjiTan). Xhbothbix OTjiaBjiHBajiH Ha BepxHen 
Teppace npaBodepexHOH aojiHHbi TejieuKoro 03., noKpbiTOH 0CHH0B0-6epe30- 
BO-KeapOBO-nHXTOBbIM JieCOM. B AaHHOM dHOTOne, KOTOpblH 51BJI5ieTC51 OnTH- 
MajibHbiM jxim KpacHOH nojieBKH, bhji ^ocTHraeT bhcokoh hjiothocth — cbm- 
me 40 oc/ra (Hobhkob, 1994; Novikov, Moshkin, 1998). OTjiOBa xchbothhx 
Hcnojib30BajiH uqtoji jiOBymKO-jiHHHH. MeTajuiHuecKHe xHBOjiOBymKH (f>a6pHH- 
Horo npoH3BO^CTBa, jum jiynmeft BbixcHBaeMOCTH xhbothhx CHadxceHHbie jxq pe- 
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BflHHbIMH flOMHKaMH, yCTaHaBJIMBaJIM B JIHHHH C HHTepBaJIOM B 10 M M npOBepfl- 

jih ABax^bi b AeHb — b 8 m 20 m. Ha Kaxcaon jihhhh otjiob npoH3BOjiHJiH b Tene- 
HHe 4^HeH. 3tOT epOK HBJIfleTCH OIlTHMaJIbHblM JIJI5I HB^HTHfl MaKCHMaJIbHOrO 
KOJIMHeCTBa XCHBOTHbIX npH MHHHMaJIbHOH flOJie CpetfH HHX MHTpaHTOB (JlyKbfl- 

hob, 1988; IU,MnaHOB, 1990), KOTopbie no cbohm Mop4)0(J)H3MOjiorH4ecKHM xa- 
paKTepncTMKaM MoryT cymecTBeHHO OTjiHHaTbca ot ocejyibix oco6en (Mouikhh, 
1989). fljIH yCTpaHeHH^ BJIHflHHfl B03M0XCH0H n0JI0B03paCTH0H H3MeH4HBOCTH 
aHajiH3npyeMbix noKa3aTejien b pa6oTe ncnojib30BajiH TOjibKO nojiOB03pejibix 
CaMUOB. OTJIOBJieHHbIX XCHBOTHbIX B TeMCHHe 4 JIHCH nepejiepXCHBaJIH B BHBapHH 
TOB npn nocTOHHHon TeMnepaType (20 °C) n HCKyccTBeHHOM (JioTonepHOjiHne- 
ckom pexcHMe, cooTBeTCTByidneM ecTecTBeHHOMy cyTOHHOMy UHKJiy (18C : 6T). 
)Khbothmx KopMHjin craHjiapTHOH 3epHOBOH CMecbio (kopm «BaKa» juih rpbi- 
3yHOB) c AoOaBJieHneM 3ejieHoro KOpMa h KejipoBbix opexoB. Ha 5-e cyT nocne 
OTJiOBa y xcMBOTHbix oueHHBajin BejiHHHHy CTaH^apTHoro oOMeHa BemecTB, Ha 
6-e — BejiHMMHy MaKCHMajibHoro o6MeHa. BejinnwHa 6a3ajibHoro MeTa6ojiH3Ma 
6buia H3MepeHa y 22 oco6en, MaKCHMajibHoro — y 16. Cpa3y xce nocjie ouchkh 
MnK XCHBOTHblX 3a6HBaJIH KpaHHO-UepBHKaJIbHOH JIHCJIOKaUHeH H HCCJie/lOBaJIH 
MeTOjiOM nojiHoro rejibMHHTOJiorHnecKoro BCKpbiTHH (Ckph6hh, 1928). OueHH- 
BajiM TaKne noKa3aTejiH, KaK OKCTeHCHBHOCTb (ziojih 3apaxceHHbix oco6en) h mh- 
TeHCHBHOCTb (cpeflHee MHCJIO rMJIbMHHTOB B 3apaXCeHHOM XCHBOTHOM) HHBa3HH, 
a TaioKe hhjickc o6hjihh napa3HTOB (cpejiHee hhcjio rnjibMHHTOB Ha oco6b xo3H- 
HHa, BKJHOMan He3apaXCeHHbIX XCHBOTHblx). 

B KanecTBe kohtpojih ecrecTBeHHOH 3apax<eHHOCTH Hcnojib30BajiH jiaHHbie, 
nojiyneHHbie no 47 nojiOB03pejibiM oco6hm KpacHOH nojieBKH, bckphthm cpa- 
3y xce nocjie OTJiOBa. 

OueHKa HHTeHCHBHOCTH MeTa6ojiH3Ma 

MHTeHCHBHOCTb MeTa6ojiH3Ma oueHHBajin nyTeM HenpHMOH KajiopHMeTpnn b 
ycTaHOBKe 3aKpbiToro THna (LLIhjiob, 1961) no MeTO£HKe, anpoOnpoBaHHon pa- 
Hee Ha jipyrnx BH/iax rpbnyHOB (Novikov et al., 1996; Moshkin et al., 2001, 
2002). ,H,jih H3MepeHHH ypoBHH CTanaapTHoro o6MeHa (CM) xchbothoc noMema- 
jih b repMeTHHHyio KaMepy oS^eMOM 1.5 ji, Haxojiflmyiocfl b boahhom TepMOCTa- 
Te c TeMnepaTypoii 27 °C, mto juih jiaHHoro BHjia cooTBeTCTByeT TepMOHenTpajib- 
hoh 30He (BameHHHa, 1977). flj m norjiomeHHH yrjieKncjioro ra3a ncnojib30Bajin 
mejionb (KOH). Chhxcchhc napunajibHoro jiaBjieHHH KHCJiopojia perncTpnpoBa- 
jih c noMombio BojiHHoro MaHOMeTpa. no pe3yjibTaTaM 5 H3MepeHHH paccnHTbi- 
Bajin cpejiHee 3HaneHHe CTaHjiapraoro o6MeHa jxnn KaxcjiOH oco6h. ^jih oueH- 
KH HHTeHCHBHOCTH MeTa6oJIH3Ma B yCJIOBHHX OCTpOTO OXJiaXCJieHHH HCnOJIb30Ba- 
jih 15-MHHyTHyio 3Kcno3HUHio b rejiHH-KHCJiopojiHOH aTMOCcJiepe (Rosenmann, 
Morisson, 1974; Wang, 1980) npn TeMnepaType 8.0 ± 0.5 °C. Cpa3y nocjie noMe- 
ineHHH xcHBOTHoro b KaMepy nepe3 Hee b TeneHne 3 mhh c noMombio nopiime- 
Boro Hacoca npoKanHBajiH rejineBO-KHCJiopojiHyK) CMecb (80 % He : 20 % 0 2 ), 
o6ihhh o6T»eM kotopoh 6ojiee neM b 3 pa3a npeBbiinaji o6i>eM KaMepbi. Ha 1-h, 
6-h, 11-h h 16-h MHHyTax nocjie npeKpameHHH nojiann ra30BOH CMecn y tccth- 
pyeMoro xcHBOTHoro H3MepHJin MHHyTHoe noTpeO^eHne KHCJiopojia. Cpa3y xce 
nocjie xojiojioboh 3Kcno3Hu,HH xcHBOTHoe H3BJieKajiH H3 KaMepbi. flo Hanajia 
3Kcno3HUHH h b TeneHne 20 c nocjie ee OKOHnaHHH c noMombio TepMope3HCTop- 
Horo &aTHHKa H3MepHJiH peKTajibHyio TeMnepaTypy Tejia c TOHHOCTbio no 0.1 °C. 
Bee noKa3aTe;iH HHTeHCHBHOCTH MeTa6ojiH3Ma BbipaxcajiH b bh ne oOteMa no- 
Tpe6jieHHoro KHCJiopo/ia, npnBejieHHoro k HopMajibHbiM ycjiOBHHM, Ha ejiHHHuy 
Maccbi Tejia b nac. B KanecTBe noKa3aTe^n MaKCHMajibHoro noTpe6jieHHH khcjio- 
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pojta (MFIK) Hcnojib30BajiH Hanbojibiiiee H3 4 3aperHCTpHpOBaHHbix bo BpeMa 
TecTa 3HaneHHH. BejiHHHHy pe3epBHbix B03M0>KH0CTeH MeTa6ojiH3Ma (MeTabojiH- 
HeCKHH HHTOKC, MH) OLteHHBajIH no OTHOineHHK) BeJIHHHHbl MaKCHMaJIbHOrO 
o6MeHa k cTaH^apraoMy (Meagher, O’Connor, 2001). TemionpoBOjmocTb pac- 
CHHTbiBajin KaK OTHOineHHe noTpeOjieHna Kncjiopo^a Ha nocjie^Heh MHHyTe Tec¬ 
Ta k pa3HOcra MQ^Kjxy TeMnepaTypaMH Tejia h cpejtbi (McNab, 1980). 

06pa6oTKa pe3yjibTaTOB 

BjmaHHe 3apa^ceHHOCTH rejibMHHTaMH Ha H3ynaeMbie noKa3aTejm oueHHBa- 
jih c noMombio o^HO^aKTopHoro ^HcnepcHOHHoro aHanH3a (ANOVA). CpaBHe- 
HHe rpynnoBbix cpejtHHX npoBOjtHjm no LSD-KpnTepnio. 3aBncnMOCTb Mexcjty 
MeTabojiHHecKHMH n TepMOperyjiHTOpHbiMH noKa3aTejiHMH oueHHBajiH no Be- 
JIHHHHe K03(i)(i)HUHeHTa KOppeJIfllfHH llnpCOHa, 3aBHCHMOCTb UQ^KRy 3apa>KeH- 
HOCTbK) rejibMHHTaMH H MeTaSOJIHHeCKHMH nOKa3aTeJIHMH — no BeJIHHHHe KO- 
3$$ H UHeHTa paHTOBOH KOppeJIHUHH CnHpMeHB. IlOCKOJIbKy TOR HaSjHOJieHHH 
He OKa3biBaji craTHCTHHecKH 3HanHMoro bjihhhhh hh Ha BejiHHHHy CTaHjtapTHo - 
to (ojiHO(J)aKTopHbiH jiHcnepcHOHHbiH aHajiH3, F = 2.59; P = 0.13), hh Ha bcjih- 
HHHy MaKCHMajibHoro (F = 0.49; P = 0.50) oOmchob, jtaHHbie 3a 2002 h 2003 rr. 
npn aHajiH3e 6buiH oO'bejiHHeHbi. 


PE3YJIbTATbI 

EcTecTBeHHan 3apaxceHHOCTb rejibMHHTaMH 
^OMHHHpyiOmHMH BHJjaMH KHUieHHblX TejIbMHHTOB KpaCHOH nOJieBKH B 

paiiOHe Hccjie/iOBaHHH hbjihiotch HeMaTOjia Heligmosomum mixtum (Schulz, 1952) 
h uecTOjia Arostrilepis horrida (Linstow, 1901; Mas-Coma et Tenora 1997). rio- 
Ka3aTejiH 3apaxceHHOCTH 3thmh rejibMHHTaMH y xchbothbix, o6cjieji,OBaHHbix cpa- 
3y xce nocjie OTJiOBa h nepejiep^KaHHbix b bhbbphh jtocTOBepHO He OTJiHnajiHCb 
Mexcjiy co6oh (Ta6ji. 1). MaKCHMajibHan HHTeHCHBHOCTb HHBa3HH cocTaBjiHjia 
6 3K3. Ha oco6b jijih HeMaTOjt h 5 — juih uecTOju Y ^khbothhx, Hcnojib30BaHHbix 
b 3KcnepHMeHTe, ojfHOBpeMeHHoe 3apaxceHne o6ohmh rejibMHHTaMH 6buio o6Ha- 
pyxceHO TOJibKO y ojmoro 3BepbKa, KOTopbin b jtajibHemiieM 6bui HCKjnoneH H3 
paCCMOTpeHHH. 

3apaxceHHOCTb rejibMHHTaMH jfocTOBepHO BjiHHjia Ha Maccy Tejia ^khbothmx 
( f = 6.4; P = 0.01). )KnBOTHbie, 3apa>KeHHbie A. horrida , HMejiH MeHbmyio Mac- 

Ta6jiHixa 1 

rioKa3aTejiH 3apa^ceHHocTH KHineHHbiMH rejibMHHTaMH y caMitoB KpacHOH nojieBKH, 
oScjiejiOBaHHbix cpa3y >Ke nocjie OTJiOBa h TecTHpoBaHHH 

Table 1. Indices of infection with gut helminthes in mals of the red-backed vole 
examined just after capturing and after testing 


noKa3aTejiH 3apa>KeHHOCTH 

BcKpbiTbie nocjie OTJiOBa 

BcKpbiTbie nocjie TecTa 

H. mixtum 

A. horrida 

H. mixtum 

A. horrida 

06i>eM BbibopKH 

47 

47 

22 

22 

3KCTeHCHBOCTb HHBa3HH 

51.1 ± 7.3 

38.3 ± 7.1 

37.5 ± 12.1 

43.7 ± 12.4 

HHjteKc oShjihh napa3HTa 

1.79 ± 0.35 

0.85 ± 0.19 

1.29 ± 0.41 

0.92 ± 0.28 

HHTeHCHBHOCTb HHBa3HH 

3.50 ± 0.48 

2.22 ± 0.27 

3.44 ± 0.63 

2.44 ± 0.34 
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Ta6jinua 2 

MeTa6ojiHHecKne h TepMoperyjiHTopHbie noKa3aiejin y caMUOB KpacHoit nojieBKM 
npH reJlbMMHT03HbIX MHBa3MHX M B MX OTCyTCTBHe 

Table 2. Metabolic and thermoregulatory indices of non-infected males 
of the red-backed vole and males infected with helminthes 


noKa3aTejiH 

He3apa>xeHHbie 
oco6h (I) 

3apa>xeHHbie 

H. mixtum (II) 

3apaxceHHbie 

A. horrida (III) 

aOCTOBepHbie OTJ1H- 
HHfl (LSD-TeCT) 

06beM BbibopKM 

Macca Tejia 

4 

21.9 ± 1.0 

5 

19.8 ± 1.2 

6 

16.8 ± 0.6 

1—III; P = 0.04 

CramtapTHbiH o6mch 

4.0 ± 0.1 

3.9 ± 0.2 

4.5 ± 0.3 

I—III; P = 0.004 

MIIK 

10.6 ± 0.9 

12.7 ± 0.6 

9.6 ± 0.8 

11—III; P = 0.01 

MH 

2.6 ± 0.3 

3.4 ± 0.4 

2.2 ± 0.3 

II—III; P = 0.03 

Tpeicr ( C) 

Jto TecTa 

37.8 ± 0.4 

37.8 ± 0.6 

37.2 ± 0.3 


nocjie TecTa 

28.4 ± 3.2 

31.4 ± 2.8 

32.4 ± 1.9 

— 

TenjionpoBojtHQCTb 

0.47 ± 0.06 

0.50 ± 0.03 

0.37 ± 0.3 

II—III; P = 0.025 


FIpHMeHaHHe. «—» — hct aaHHbix. 


cy Tejia, neM 3apa>KeHHbie H. mixtum h He3apaxceHHbie oco6h (Ta6ji. 2). Macca 
Tejia oco6en, 3apa)KeHHbix A. horrida , OTpuuaTejibHo KoppejmpoBajia c hhtch- 
CHBHOCTbK) HHBa3HH (Rs = -0.84; P= 0.015). 

3aBHCHMOCTb MQymjiy 3apaxeHHOCTbK), MeTa6oJIHHeCKHMH 
h TepMoperyjiHTOpHbiMH noKa3aTejiHMH 

Cpe^HHH BejiHHHHa CTaHaapraoro o6MeHa y npoTecTHpOBaHHbix oco6en co- 
CTaBHjia 3.94 ± 0.14mji/t-h. Bo BpeMH xojiojioboh 3Kcno3HUHH noTpe6jieHHe 
KHCJiopoaa y caMUOB KpacHOH nojieBKH yBejiHHHBajiocb c 1-h no 6-io MHHyTbi, 
3aTeM ocTaBajiocb Ha nocTOHHHOM ypoBHe no KOHua TecTa (pnc. 1). CpeaHHH 
BejiHHHHa M11K cocTaBHJia 10.9 ± 2.0 mji/t-h. Cpe^HHH TeMnepaTypa Tejia xh- 
bothmx, H3MepeHHan HenoepejiCTBeHHO nepea nx noMemeHneM b KaMepy, 6buia 
37.5 ± 0.2 °C, nocjie TecrapoBaHun CHH3njiacb ao 31.3 ± 1.4 °C. PeKTajibHan 
TeMnepaTypa Tejia, H3MepeHHan jxo TecTa, nojioxcnTejibHO KoppejmpoBajia c Be- 
jihhhhoh noTpe6jieHHH KHCJiopoaa bo Bcex 4 H3MepeHHHX (jum MIIK K03(J)- 
(J)HUneHT KoppejiHunn paBHHjiCH 0.54; P = 0.031). TeMnepaTypa Tejia nocjie xo- 
jioztOBOM 3Kcno3Munn KoppejmpoBajia TOJibKO c noTpe6jieHHeM KHCJlOpOaa Ha 
16-h MHHyre TecTa. BejiHHHHa KoatjxJmuHeHTa Koppejinunn 3aecb TaKxe paBHH- 
jiacb 0.54 (P = 0.031). 

,H,ocTOBepHbie otjihhhh Me>Kay xcHBOTHbiMH pa3Hbix rpynn 6biJin OTMene- 
hh Ha 1 -h (F = 7.9; P= 0.007), 11-ii (F = 10.1; P= 0.003) h 16-h (F = 5.9; 
P = 0.02) MHHyTax TecTa. >KHBOTHbie, HHBa3npoBaHHbie H. mixtum , hmcjih 6o- 
jiee BbicoKHH ypoBeHb noTpe6jieHHH KHCJiopoaa, neM HHBa3npoBaHHbie A. hor¬ 
rida h HeHHBa3HpoBaHHbie (pnc. 1). 3apa^ceHHOCTb KpacHOH nojieBKH rejibMHH- 
TaMH He OKa3biBa;ia 3HaHHMoro bjihhhhh Ha BejiHHHHy CTaHaapraoro o6MeHa 
(Ta6ji. 2), ho aocTOBepHO BjiHHjia Ha BejiHHHHy MIIK h ero oraomeHne k ypoB- 
hk) CTaHjtapTHoro o6MeHa (F = 4.4; P= 0.04 juin MFIK h F = 4.1; P= 0.04 
juih MH). Oco6h, 3apaxceHHbie H. mixtum , hmcjih jtocTOBepHO 6ojiee BbicoKyio 
BejiHHHHy MFIK h MH, neM oco6h, 3apa^ceHHbie A. horrida. ^ocTOBepHbix ot¬ 
jihhhh no TeMnepaType Tejia Me^ay 3apa^ceHHbiMH h He3apaxceHHbiMH >khbot- 
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BpeMfl XOJIOflOBOH 3KCn03HUHH (MHH) 

PhC. 1. ^HHaMHKa nOTpeSjieHHB KHCJIOpOfla npH XOJIOflOBOH 3KCn03HIJHH B reJlHeBO-KHCJIOpO^HOM 
CMecH y caMuoB KpacHoii nojieBKH, HHBa3HpoBaHHbix HeMaTOfloii H. mixtum (nyHKTHp), uecTOfloii 
A. horrida (uiTpHXOBaa jihhhh) h CBobo^Hbix ot napa3HTOB (cnjiouiHaB jihhhh). 

Cpe^HHe 3HaMeHHa nun pa3Hbix rpynn, nojiyneHHbie juih oahoh h toh xce BpeMeHHOH tomkh, aocTOBepHO (LSD — 
TecT; P < 0.05) OTjiHMaiomHecji Mexc^y co6oh, noMeneHbi pa3HbiMH 6yKBaMH. 

Fig. 1. Dynamics of oxygen consumption in males of the red-backed vole under a cold exposition 
in the helium-oxygen mixture: ones infected with the nematode H. mixtum (dashes), infected with 
the cestode. A. horrida (striped line), and free from parasites (common line). 



HHTeHCHBHOCTb HHBa3HH (iIIT.) 


Phc. 2. 3aBHCHMocTb Mexc,zty MeTabojmnecKHMH xapaicrepHCTHKaMH ocoben KpacHon nojieBKH h 

HHTeHCHBHocTbio HHBa3HH A. horrida. 

/ — MaKCHMajlbHblH o6MeH, 2 — CTaHflapTHblH o6MeH. 

Fig. 2. Interrelation between metabolic characteristics of individuals of the red-backed vole and inten¬ 
sity of infection with A. horrida. 
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hmmh He oOHapyxceHO. 3 apaxteHH 0 CTb rejibMHHTaMH 0 Ka 3 biBajia jiocTOBepHoe 
BjiHHHHe Ha TenjionpoBO^HOCTb Tejia nojieBOK (F = 3 . 7 ; P = 0 . 05 ). Oco 6 h, 3 apa- 
xceHHbie H. mixtum , hmcjih 6 ojiee BbieoKyio TenjionpoBOjiHOCTb, mcm oco 6 h, 3 a- 
paxceHHbie A. horrida. 

y XCHBOTHbIX, 3 apaxeHHbIX H. mixtum , HHTeHCHBHOCTb HHBa 3 HH He OKa 3 bI- 
Bajia 3 Ha 4 HMoro bjihhhhh Ha aHajiH 3 npyeMbie noKa 3 aTe;iH, Toma KaK y oco 6 en, 
3 apaxceHHbix A. horrida , BejiHHHHa MflK CHHxcajiaeb no Mepe yBejiHHeHHH ko- 
jinnecTBa napa 3 HTHpyiomHX b hhx uecToji (pnc. 2). Koo^huhcht paHroBon 
KoppejiHUHH Mexc^y MFIK n HHTeHCMBHOCTbio MHBa 3 HH y oco 6 en, 3 apaxceHHbix 
A. horrida , cocTaBjinji — 0.89 (P = 0 . 009 ). Koppejinunn Mexqjy HHTeHCMBHOCTbio 

HHBa3HH H BejiHMHHOH nOTpeOjieHHH KHCJIOpOJia Ha 16-H MHHyTe XOJIOJIOBOH 
3 Kcno3HUHH npaKTHMecKH OTcyTCTBOBajia (Rs = -0.16; P = 0.71). He OKa3biBajia 
3Ha4HMOrO BJIHHHHH HHTeHCHBHOCTb HHBB3HH A. horrida H Ha TepMOperyjIHTOp- 
Hbie noKa3aTe;iH xchbothhx. 


OBCYX^EHME 

nocKOJibKy noKa3aTejiH 3apaxceHHOCTH, oueHeHHbie cpa3y xce nocjie OTjiOBa h 
nOCJie XOJIOJIOBOH 3KCn03HUHH, AOCTOBepHO He OTJIHMaiOTCH, moxcho npejinojia- 
raTb, mto nepejiepxcKa b BHBapHH h npoueziypa TecTHpOBaHHH He OKa3biBaioT 
3HaMHMOTO BJIHHHHH Ha eCTeCTBCHHyiO 3apaXCeHHOCTb KpaCHOH nOJieBKH. 

no BeJIHMHHe nOTpe 6 jieHHH KHCJIOpOJia B yCJIOBHHX XOJIOJIOBOH 3KCn03HUHH 
KpacHan nojieBKa He OTjiHMaeTCH ot H3yneHHOH hbmh pbixcen nojieBKH H3 jia 6 o- 
paTopHOH kojiohhh (Moshkin et al., 2002 ). OziHaKO b otjihmhc ot pbixcen nojieB¬ 
KH H JipyrHX BHJIOB MblliieBHJIHblX rpbI3yHOB, JieMOHCTpHpOBaBIXIHX 3Ha4HTeJIb- 
Hoe CHHxceHne noTpe 6 jieHHH KHCJiopoaa Ha 16 -h MHHyTe xojiojioboh 3Kcno3H- 
Uhh (Moshkin et al., 2002 ), y KpacHOH nojieBKH HHTeHCHBHOCTb MeTa6ojiH3Ma 
ocTaBajiacb CTaOnjibHO bhcokoh b TeneHne Bcero TecTa. Homhmo BHjiOBbix oco- 
OeHHOCTen 3to moxcct 6 biTb CBH3aHO h e TeM, mto b HacTonmen pa 6 oTe ncnojib- 
30BajiHCb xcHBOTHbie, OTjioBjieHHbie b npnpojie. HccjiejiyeMaH rpynna xchbothmx 
6 buia npejiCTaBjieHa rjiaBHbiM o6pa30M eeroTejiKaMH nepBOH (BeceHHen) reHe- 
pauHH, nojiBepraBmHMHCH b xoae OHToreHe3a achctbhio hh3khx TeMnepaTyp. 
nojioxcHTejibHan Koppejinunn Mexqjy noTpeOjieHneM KHCJiopojia Ha 16 -h MHHyTe 
TecTa h TeMnepaTypoH Tejia, H3MepeHHOH nocjie ero okohmbhhh, CBHjieTejibCT- 
ByeT o tom, mto enoeoOHOCTb k nojmepxcaHHio TeMnepaTypHoro roMeocTa3a b 
ycjiOBHHx ocTporo oxjiaxcjieHHH onpejiejiHeTCH HHTeHCHBHOCTbio aspoOHoro 06 - 
MeHa. 

3apaxceHHOCTb nojiOB03pejibix caMuoB KpacHOH nojieBKH KHineMHbiMH rejib¬ 
MHHTaMH, He BJIHHH Ha BeJIHMHHy CTaHJiapTHOTO oOMeHa XCHBOTHbIX, KOppeJIHpO- 
Bajia c BejiHMHHOH noTpeOjieHHH KHCJiopojia b ycjiOBHHx ocTporo oxjiaxcjieHHH. 
OjIHaKO y reJIbMHHTOB pa3JIHMHOH TaKCOHOMHMeCKOH npHHajIJieXCHOCTH 3Ta 3a- 
BHCHMOCTb OKa3ajiacb npoTHBonojioxcHO HanpaBjieHHOH. TaK, oco6h, 3apaxceH- 
Hbie HeMaTOAOH H. mixtum , He 3aBHCHMO OT HHTeHCHBHOCTH HHBa3HH, HMCJIH 
6ojiee BbicoKHH ypoBeHb MaKCHMajibHoro o6MeHa, MeM oco6h, He HHBa3HpOBaH- 
Hbie jiaHHbiM rejibMHHTOM h cooTBecTBeHHO pacnojiarajiH OojibixiHMH pe3epBaMH 
juih HHTeHCH(J)HKauHH 3HepreTHMecKoro MeTa6ojiH3Ma (h nojmepxcaHHH ero Ha 
BbICOKOM ypOBHe) B yCJIOBHHX ocTporo OXJiaX^eHHH. OcoOeHHO OTMeTJIHBO 3TH 
pa3JIHMHH npOHBJIHJIHCb B BCJIHMHHe nOTpe6jieHHH KHCJIOpOJia Ha 16-h MHHyTe 
TecTa, KOTopan, KaK noKa3biBaioT Harnn jiaHHbie, KoppejinpyeT co enoeoOHOCTbio 
xchbothoto k coxpaHeHHio nocTOMHHOH TeMnepaTypbi Tejia b ycjiOBHHx ocTporo 
oxjiaxcjieHHH. Y oco6en, HHBa3HpOBaHHbix uecTOjiOH H. mixtum , caM (J)aKT 3apa- 
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xeHHH He bjihhji Ha khtchcmbhoctb MeTa6ojiH3Ma, o/maKO npH octpom oxjiax- 
jxq hhh BejiHHHHa MEIK CHHxajiacb nponopuHOHajibHO yBejiHneHHio KOJinnecTBa 
napa3HTHpyiomHx b oco6h rejibMHHTOB. B to xe BpeMH oco6h, HHBa3npoBaHHbie 
A. horrida , hmcjih MeHbiuyio TennonpoBO^HOCTb h no CBoen choco6hocth k no jx- 
wpxcaHMK) TeMnepaTypHoro roMeocTa3a He OTjmnajmcb ot He3apaxeHHbix. 

TaKHM o6pa30M, HHBa3HH H. mixtum npnBOOTT k cymecTBeHHbiM H3MeHe- 
hhhm MeTaSojiHnecKHx napaMeTpoB xo3HHHa, BbipaxcaiomHMCM b yBejinneHnn 
pe3epBHbix B03M0xcH0CTeH MeTa6ojiH3Ma npn octpom oxjiaxc^eHnn. Bonpocbi 
o MexaHH3Me othx H3MeHeHHH n ero a^anTHBHOM 3HaneHHH ocraiOTCH noxa ot- 
KpblTblMH. H3BeCTHO, HTO raCTpOHHTeCTHHaJIbHbie HeMaTO^bl npH eCTeCTBeHHOM 
3apaxceHHH b cybJieTajibHOH jxo3q Bbi3biBaiOT xpoHnnecKHe 3a6ojieBaHHH, Bbipa- 
xcaiomnecH b aHeMHnecKHx n £HCTpo(|)HHecKHx hbjichhhx (Tbo3jxqb, Hlyjibij, 
1976), CHHxceHHH noTpeSjieHHH (Arenberg et al., 1996; Arenberg, Folstad, 1999) 
n ycBoneMOCTH nnmn (Galeazzi et al., 2000). B OKcnepHMeHTe KpHcraaHa n 
XaMMOH/ia JiabopaTopHbie Mbirnn, 3apaxceHHbie Heligmosomoides ploygyrus , He 
OTjinnaflCb no Macce Tejie ot KOHTpojibHbix, hmcjih MeHbmee co^epxaHne xnpa 
n 6ojiee BbicoKHH ypoBeHb obMeHa noKon. YBejinneHne ctohmocth no/mepxa- 
HHfl XCH3He^e»TeJIbHOCTH He OTpaxaJIOCb, O^HaKO, Ha 3(J)(|)eKTHBHOCTH MX xo- 

jio^oboh a^anTauHH (Kristian, Hammond, 2000). 5KnpoBa5i TKaHb, HMeioman 
HH3Kyio TenjionpoBO^HOCTb, HMeeT 6ojibinoe 3HaneHne Rim TepMoperyjiHunn 
(Young, 1976)i G apyroft CTopoHbi, cHnxeHne coziepxaHHfl xcnpa npn coxpaHe- 
hhh obineft Maccbi Tejia Be^eT k yBejinneHmo Tomeft Maccbi, KOTopaa cymecr- 
BeHHO BjinaeT Ha BeJiHHHHy aopobHoro obMeHa Ha ypoBHe opraHH3Ma (Kristian, 
Hammond, 2000 ). 

HHan KapTHHa CKjia^biBaeTca npn 3apaxeHHH nojieBOK uecTo^on A. horrida. 
CHHXceHne aopobHOH np0H3B0^HTejibH0CTH 3/iecb MoxeT 6 mt b CB5i3aHo b nep- 
Byio onep cjib co 3HanHTejibHOM bnoMaccoH napa3HTOB. Tax, Macca o^hoh He- 
MaTo^bi H. mixtum , no HaniHM aaHHbiM, cocraBJifleT 2.5—3.5 Mr, Tonia KaK Mac¬ 
ca nojiOB03pejioft uecmabi A. horrida KOJiebJieTcn ot 29 no 303 m r (b cpezmeM 
93.8 ± 16.3 Mr), npn HabjnoziaeMOH HaMH MHTeHCMBHOCTH HHBa3HH 5 uecTO jx 
Ha oco6b nx cyMMapHan Macca moxct npeBbimaTb 1 r, t. e. okojio 5 % ot Maccbi 
Tejia xo35iMHa. npn otom Tpo^nnecKan KOHKypeHitMH napa3HTa c xo3hhhom mo- 
xceT CTaTb BecbMa omyTHMOH h npnBO^HTb k cHMxceHHio Maccbi Tejia uocjiqjx- 
Hero. EcTecTBeHHan 3apaxeHHOCTb KpacHOH nojieBKH HeMaTO^aMH, ohqbujxho, 
He ziocTMraeT Taxoro ypoBHn. BuoMacca napa3HTOB MOxceT onpe,ae.jmTb kojih- 
necTBO nocTynaioninx b KpoBb oh^otokchhob, Korapbie OKa3biBaiOT cymecT- 
BeHHoe BJiHHHue Ha TenjioobMeH no3BOHOHHbix xcuBOTHbix. Habjno^aeMoe npn 
HHBa3HH A. horrida CHHxceHne obmeH TernionpoBO/iHOCTH MOxceT 6biTb CBH3aHO, 
b nacTHOCTH, c yMeHbmeHneM TenjionoTepb 3a cneT UHTOKHH-3aBHCHMOH pery- 
jihuhh KpoBOCHabxceHnn noKpoBOB (Reidel et al., 1982; Hull et al., 1993). KpoMe 
Toro, 3H/i0T0KCHHbi cHuxaiOT cepwHHyio coKpaTHMOCTb, hto yMeHbmaeT MH- 
HyTHbiH obbeM KpoBoobpameHHH n cooTBeTCTBeHHO yxyzmiaeT cHabxceHne TKa- 
Hen KHCJiopo/iOM (Abel, 1989). Cne^cTBHeM ototo hbjihctch cHnxceHne aopobHon 

npOH3BO^HTeJlbHOCTH, KOTOpoe MOXCeT CKa3bIBaTbCH He TOJlbKO Ha yCTOHHHBOCTH 
3apaxceHHbix xchbothhx k xojio^y, ho h Ha nx comiajibHOH KOHKypeHTOcnocob- 
hocth. Tax, 3apaxceHHOCTb A. horrida cpezm caMitOB KpacHOH nojieBKH, npoHB- 
JiHiomnx arpeccHio b TecTe napHoro ccaxcHBaHHH (Mouikhh h ap., HeonybJiHKO- 
BaHHbie ziaHHbie), OKa3ajiacb 3HannTejibHO MeHbme, neM cpezin HearpeccnBHbix 
caMitOB (0.17 ± 0.07 n 0.47 ±0.13 cooTBeTCTBeHHO; TecT KpacKejuia-Bajuinca, 
H = 6.94; P= 0.031). 

TaKHM o6pa30M, HaniH jx aHHbie noKa3biBaiOT, hto KHmenHbie rejibMHHTbi ^a- 
xce npn ecTecTBeHHOM 3apaxeHHH MoryT bjihhtb Ha HHTeHCHBHocTb OHepreTHne- 
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CKoro o6MeHa xo3HHHa. XapaKTep 3Toro bjihhhhh onpeziejiHeTCfl bh^obbimh oco- 

6eHHOCTHMH napa3HTa. 

Pa6oTa BbinojiHeHa npn (|)HHaHCOBOH nozmepxKe PoccniiCKoro (|)OH^a 
4)yHOTMeHTajibHbix uccjieziOBaHHH (npoeKTbi Nq 00-04-49210, 02-04-49253 h 
03-04-48768). 
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SUMMARY 

Estimation of the standard metabolic rate (SMR), maximal oxygen consumption (MOC) 
and thermoregulation ability in males of red-backed vole ( Clethrionomys rutilus Pallas, 
1779) have shown that individuals infected with nematodes Heligmosomum mixtum , regard¬ 
less of intensity of worm infection, had an increased level of oxygen consumption in 
the cold exposition, while the individuals infected with the cestodes Arostrilepis horrida , had 
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a lover oxygen consumption than non-invaded individuals. Worm burden of A. horrida cor¬ 
related negatively with MOC value in the hosts. Thermo-conductance of individuals infec¬ 
ted with A. horrida was significantly lower than in ones infected with H. mixtum. Opposite 
effects of these two helminthes seems to be determined by the specificity of pathogenesis 
and different body mass of parasites. Total body mass of nematodes are usually less than 
0.2 % of the host body mass whereas the total body mass of cestodes may exceed 5 % of 
the host body mass. 
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